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Description

The invention relates to an optical device compris-
ing a diode laser for generating a radiation beam, and
an optical system for concentrating and guiding the ra-
diation beam.

The invention also relates to an apparatus for scan-
ning an information plane, which apparatus comprises
said device.

An information plane is herein understood to mean
a plane comprising information which can be read opti-
cally on a plane in which information can be written op-
tically. Such a plane is, for example the information
plane of an optical record carrier, but also the surface
of a document which is written with a laser printer or is
read with a document scanner, as in a facsimile appa-
ratus.

A device of the type described in the opening par-
agraph is known, for example from European Patent Ap-
plication EP 0.084.871 which relates to an apparatus for
reading an optical record carrier. The diode lasers used
in this apparatus are very sensitive to feedback. Due to
reflection of the laser radiation on elements of the optical
system, a portion of the radiation emitted by the diode
laser may return to the active layer of the diode laser. A
small quantity of radiation fed back, already of the order
of 0.1% of the emitted radiation, may cause a variation
of the laser radiation. Dependent on the quantity of ra-
diation fed back, this may lead to an increase of the line
width of the laser, wavelength variation in the output
spectrum, or noise. These phenomena are generally un-
desirable. Moreover, the effects are generally not con-
stant but dependent on the phase of the light returning
to the laser, in other words, they are dependent on op-
tical path length variations of the order of the laser wave-
length, for example, due to displacements or vibrations
of optical elements.

It is therefore attempted to avoid feedback in the
laser as much as possible. However, practice has
proved that, inter alia due to tolerances of the elements
in the optical system, the feedback cannot be prevented
to a sufficient extent, unless very stringent requirements
are imposed on the optical elements so that the device
will be too expensive for various uses.

It is proposed in European Patent Application
0.084.871 to increase the quantity of radiation fed back
to the order of 1 to 10% of the radiation emitted by the
diode laser in a device in which a diode laser emits ra-
diation continuously. This measure is based on the rec-
ognition that the noise of the laser radiation caused by
the feedback does not increase continuously with the
quantity of radiation which has been fed back, but that
there is a given level for this radiation at which the noise
level is maximum and the quantity of noise decreases
with a further increase of the feedback. However, in the
device with the continuously emitting diode laser the in-
tensity of the laser beam will decrease due to an in-
crease of the feedback, which is particularly detrimental
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for, for example, a device for writing optical record car-
riers. Moreover, as a result of the feedback the output
spectrum will shift in wavelength, which is very undesir-
able for uses in which the operation of a system is ad-
justed to a given wavelength band.

In US-A-5 034 942 a pulsed diode laser is used as
the source in an optical recording/reproducing appara-
tus.

It is an object of the present invention to provide a
device in which detrimental effects of the unwanted
feedback are reduced considerably, while the laser
beam has a sufficiently high intensity.

To this end, in the optical device according to the
invention the diode laser is a pulsed laser which supplies
radiation pulses at a pulse duration p and a pulse period
T and a partially reflecting feedback element is arranged
in the radiation path of the radiation beam at approxi-
mately a distance d from the diode laser, which distance
d satisfies the condition

_c

9=3

.nT - g.e(p+Ap)

in which n is an integer, ¢ is the light velocity in the me-
dium traversed by the radiation beam, Ap is the build-
up time of pulse PL in the diode laser and ¢ is a real
number which satisfies O < € < 1 and increases or de-
creases within these limits at a decreasing or increasing
energy E(P,), respectively, of a radiation pulse reflected
by the feedback element so that the condition given by

E(P,) > E(PL,)

is satisfied at the instant when said radiation pulse en-
ters the diode laser, E(PL;) being the radiation energy
built up in the diode laser at the relevant instant.

At least a part of the radiation emitted by the laser
is returned to the laser by the reflecting element. The
reflection coefficient and the position of this element are
chosen to be such that the radiation fed back by this
element to the laser has such an intensity and arrives
at the laser at such an instant that this radiation sub-
stantially completely defines the behaviour of the laser
and that other, unwanted reflections by other elements
of the device do not substantially have any effect on the
behaviour of the laser.

The invention is based on the recognition that the
behaviour of a pulsed diode laser is mainly determined
by events occurring within the laser in the build-up time,
hence in the time interval just before a new optical pulse
is generated and that due to the arrival of the extra pho-
tons as a result of the feedback in exactly such a time
interval these extra photons mainly determine the be-
haviour of the laser by adapting the delay time of a re-
flected radiation pulse. As a result, the diode laser can
be controlled in a defined way by the deliberately pro-
vided feedback and the influence of other, unwanted
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feedbacks can be reduced by ensuring that the radiation
pulses arrive in the diode laser at such instants as a re-
sult thereof, or, as a result of the deliberately provided
feedback, have such a low intensity with respect to the
pulses that they do not influence the diode laser behav-
iour. The delay time is understood to mean the time re-
quired by a radiation pulse to cover the path from the
exit face of the diode laser to the feedback element and
back to the diode laser. The distance d is then the dis-
tance between the feedback element and the exit face
of the diode laser. For stabilization, use may also be
made of the radiation emitted from the rear face of the
diode laser. The distance d is then the distance between
this face and the feedback element.

Since the diode laser emits its radiation in pulses,
this laser may yield a higher power without detrimentally
influencing its lifetime.

The device according to the invention may be fur-
ther characterized in that the feedback element is an el-
ement of the optical system.

By arranging the surface of an element which is al-
ready present in the optical system at the correct posi-
tion and by giving this surface the correct reflection co-
efficient, an extra element may be dispensed with.

The partially reflecting feedback element may be
adapted to the parameter of the diode laser which is to
be influenced. For example, the optical device may be
further characterized in that the feedback element is a
wavelength-selective element.

With such an element such as, for example, a prism,
a grating or an etalon, it can be ensured that the laser
beam always has the same wavelength, independent of
variations of, for example, the temperature of or the cur-
rent through the diode laser. An etalon is understood to
mean an element comprising two partially reflecting
planes facing each other, arranged at a given distance
from each other and enclosing some medium, for exam-
ple air.

It is to be noted that a special diode laser configu-
ration, referred to as a distributed Bragg reflector is
known in which a grating is used for stabilizing the laser
wavelength. However, the grating is integrated with the
diode laser on one substrate. In view of the require-
ments imposed on the grating period, such a diode laser
configuration is difficult to realise in given wavelength
ranges of the diode laser radiation.

A further embodiment of the optical device accord-
ing to the invention is characterized in that folding
means for folding the radiation path are arranged be-
tween the diode laser and the feedback means.

The distance d between the diode laser and the
feedback element required for the spectral stabilization
of the laser beam can then be realised within a small
volume so that the device may be compact.

The folding means may be constituted, for example
by two facing reflecting surfaces between which the light
beam propagates.

A preferred embodiment of the optical device ac-
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cording to the invention is characterized in that the fold-
ing means comprise a folding body of optically transpar-
ent material having at least two reflecting surfaces and
being provided with an entrance window and an exit win-
dow, and in that one of the reflecting surfaces is provided
with a third window for transmitting the diode laser radi-
ation to and from the feedback means.

The means for folding the light path preferably com-
prise a body formed in one piece. In this way the toler-
ances are only determined when this body is manufac-
tured, rather than by the mutual positioning of the two
reflecting surfaces, as is the case with two separate, fac-
ing surfaces.

The folding body may be made of glass which may
have a relatively high refractive index, for example n =
1.8. The geometrical pathlength can then be reduced by
afactor of 1.8 with respect to the geometrical pathlength
in air with n = 1 so that the device willbecome even more
compact.

The entrance window and the exit window may both
be provided in the first surface of the folding body and
coincide with each other. In this case the diode laser
radiation which is not required for feedback and the ra-
diation which is further required in the device are to be
separated from each other by means of an extra ele-
ment between the diode laser and the folding body. This
element may be, for example a beam splitter.

Alternatively, the entrance window may be provided
in the first reflecting surface and the exit window may
be provided in the secondreflecting surface. In that case
the diode laser radiation not required for feedback need
not be separated by means of an extra element, but the
exit window of the folding body may be formed as a par-
tially transmissive reflector.

The optical device according tothe invention is pref-
erably characterized in that the feedback means are in-
tegrated in the third window.

Due to this combination of two elements in one, the
number of components is reduced so that the device
may become even more compact.

A possible embodiment of the optical device ac-
cording to the invention is characterized in that each re-
flecting surface is provided with a layer having a high
reflection coefficient.

Due to the presence of a layer having a high reflec-
tion, intensity loss in the folded light path is limited.

A possible embodiment of the optical device ac-
cording to the invention is characterized in that the fold-
ing body is a plane-parallel plate in which the first re-
flecting surface and the second reflecting surface are
located opposite and parallel to each other.

An alternative embodiment of the optical device ac-
cording to the invention, in which no high-reflection lay-
ers are necessary on the folding body, is characterized
in that the folding body is present in a medium having a
refractive index which is smaller than that of the body
material, in that the folding body has at least two surfac-
es which totally and internally reflect radiation incident
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thereon andin that the radiation is reflected at least once
by each one of said two surfaces when it traverses a
coplanar radiation path in the folding body.

The optical device may be further characterized in
that an optical prism is arranged on the entrance window
and on the exit window, the surface of said prism,
through which a radiation beam enters and leaves the
prism, being transverse to the chief ray of the beam.

The optical prisms prevent false reflections from oc-
curring when the radiation beam enters and leaves the
folding body.

A further embodiment of the optical device accord-
ing to the invention is characterized in that one of the
reflecting surfaces is provided with a fourth window on
which a retro-directive element is arranged by which the
radiation, after having traversed a first radiation path ex-
tending to the reflecting surfaces via a number of reflec-
tions, is captured in a first plane within the folding body
and is reflected parallel to itself, and re-enters the body
so as to traverse at least a second radiation path ex-
tending to the reflecting surfaces via a number of reflec-
tions in a plane parallel to the first plane.

The retro-directive element ensures that an incident
radiation beam, which is propagated through the body
along a first radiation path in a first plane perpendicular
to the first and second reflecting surfaces, is converted
into a reflected radiation beam which is propagated
through the body in a second radiation path in a second
plane parallel to the first plane. In this way the third di-
mension of the body is also utilized for folding the radi-
ation path. The retro-directive element may be, for ex-
ample a prism having an apex angle of 90°, arranged
on the folding body. The prism may alternatively be
ground directly into the plane-parallel plate.

Such a geometry may be repeated several times so
that more than two parallel faces can be utilized.

The optical device is preferably further character-
ized in that the feedback element is a grating.

A grating has a relatively high wavelength-resolving
power.

A further embodiment of the optical device accord-
ing to the invention is characterized in that the grating
extends at a small angle different from 0° to the third
window.

Since the wavelength-resolving power of a grating
is also determined by the diameter of the beam which
is incident thereon, this resolving power can be im-
proved by causing the beam to be incident on the grating
at a larger angle so that the diameter of the radiation
spot on the grating is increased.

A further embodiment of the optical device accord-
ing to the invention is characterized in that for the pur-
pose of changing the wavelength of the radiation reflect-
ed towards the diode laser, the folding body is rotatably
arranged at a small angle with respect to the radiation
beam supplied by the diode laser.

A given wavelength can be selected by orienting the
body and consequently the wavelength-selective ele-
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ment integrated therein in a different way with respect
to an incident radiation beam.

For many applications of the device it is not only
necessary but also sufficient that it is insensitive to feed-
back and that the wavelength of the radiation supplied
by the device is stabilized at one value.

However, in accordance with a further aspect of the
invention the device is further characterized in that elec-
tronic control means are provided for adjusting the
wavelength of the radiation supplied by the combination
of diode laser and feedback element at different discrete
values.

This renders novel applications of the device pos-
sible. For one of these novel applications the device is
further characterized in that a dispersive element is ar-
ranged behind the feedback element.

Since the angle at which a radiation beam is deflect-
ed by a dispersive element such as a grating or a prism
is dependent on the wavelength of this beam, the direc-
tion of the beam emerging from this device can be varied
discretely. The possible number of directions of the
beam is determined by the wavelength-separating pow-
er of the dispersive element, in the case of a grating: the
number of grating periods covered by the beam.

As compared with conventional devices supplying
a scanning radiation beam and using mechanical
means such as a rotating mirror polygon for deflecting
the beam, the device according to the invention has the
advantage that the direction of the beam can be varied
very rapidly due to the electronic control.

It is to be noted that a device for supplying a laser
beam whose direction is adjustable is described in US
Patent 4,918,679, which device comprises a grating and
in which a laser beam having an adjustable wavelength
is generated. To this end the known device is provided
with a controllable extra resonance space behind the di-
ode laser.

In the device according to the present invention use
is made of a feedback element for adjusting the laser
wavelength, so that the wavelength at which the laser
action is stabilized can be varied relatively rapidly.

The dispersive element may be a transmissive ele-
ment or a reflecting element.

A first embodiment of the device according to the
invention, supplying a beam which can be deflected, is
characterized in that the feedback element is constitut-
ed by an optical waveguide with a grating integrated
therein, which grating has a period varying in the direc-
tion of propagation of the radiation beam, and in that the
electronic control means are constituted by a frequency-
adjustable, periodically modulated current source for
the diode laser.

Now, the feedback element is no longer arranged
at one given distance from the diode laser, but extends
over a given range in the axial direction, i.e. the direction
of propagation of the radiation beam. In this way the di-
ode laser radiation can be reflected from different axial
positions. Since the above-formulated delay time con-
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dition must always be satisfied, the distance d will vary
when varying the pulse repetition frequency, hence the
pulse period T in the delay time condition. By adjusting
the pulse repetition frequency at a different value, it is
achieved that the relevant part of the diode laser beam
is reflected by another part of the feedback grating.
Since the period varies across the grating, the wave-
length of the reflected radiation entering the diode laser
and hence the wavelength of the diode laser radiation
can be varied by varying the pulse repetition frequency.

The optical waveguide may be an optical fibre or an
optical planar waveguide.

A second embodiment of the optical device accord-
ing to the invention, supplying a beam which can be de-
flected, is characterized in that an exit face of the diode
laser has a low reflection coefficient and in that the feed-
back element is constituted by a partially transparent re-
flector arranged at the distance d from the exit face of
the diode laser and a component which is arranged be-
tween said reflector and the diode laser and has an ad-
justable transmission coefficient, and in that the elec-
tronic control means are constituted by electrodes on
the component and an adjustable voltage source whose
output terminals are connected to the electrodes.

The exit face of the diode laser may be the face op-
posite the optical system, the front face but also the rear
face.

This embodiment is based on the recognition that
the radiation of a diode laser whose exit face has a low
reflection coefficient has a higher wavelength than that
of a diode laser whose exit face has a larger reflection
coefficient. This is probably the result of the difference
in charge carrier density during the laser action which is
larger in the first-mentioned diode laser. By giving the
exit face of the diode laser a low reflection coefficient,
for example, by providing an antireflection coating on
this face and by arranging an external reflector whose
reflection coefficient is adjustable behind this face, the
charge carrier density in the diode laser and hence the
wavelength of the diode laser can be adjusted and var-
ied.

The second embodiment of the device according to
the invention, supplying a beam which can be deflected,
may be further characterized in that the component hav-
ing the adjustable transmission coefficient is constituted
by an electro-optical element succeeded by a polariza-
tion analyzer.

By varying the voltage across the electrodes of the
electro-optical element, the refractive index of this ele-
ment can be varied. As a result, the state of polarization
of radiation passing through the element also varies.
The polarization analyzer converts the change of the
state of polarization into an intensity variation. The elec-
tro-optical element may be constituted by a birefringent
crystal.

However, this embodiment is preferably character-
ized in that the element is a liquid crystalline material.
Such an element has the advantage that it is inexpen-
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sive and can be driven at low voltages.

Alternatively, the device supplying a beam which
can be deflected may be characterized in that the com-
ponent having the adjustable transmission coefficient
comprises an acousto-optical element succeeded by a
polarization analyzer.

As compared with an electro-optical modulator,
considerably less voltage is required for driving an acou-
sto-optical modulator.

A third embodiment of the device according to the
invention, supplying a beam which can be deflected, is
characterized in that the component having the adjust-
able transmission coefficient is constituted by a planar
interferometer, at least one branch of which incorpo-
rates an optical phase shifter.

In the planar interferometer the radiation beam en-
tering via an entrance waveguide is split into two sub-
beams which propagate in separate intermediate
waveguides so as to be combined again in an exit
waveguide. In a part of one of the intermediate
waveguides the refractive index may be varied via, for
example an electro-optical effect and hence the phase
of the beam through this waveguide varies so that the
intensity of the exit beam also varies.

Afurther embodiment of the device accordingto the
invention is characterized in that an etalon is arranged
in the radiation path in addition to the component having
the adjustable transmission coefficient.

In this way the pulsed diode laser will behave as a
monomode laser.

An embodiment of the device according to the in-
vention is characterized in that the diode laser is a self-
pulsing diode laser.

Any pulsing diode laser is suitable for such applica-
tions. Self-pulsing diode lasers are known per se, inter
alia from British Patent Application GB 2 221 094.

The optical device comprising a diode laser whose
wavelength is stabilized may be used to great advan-
tage in an apparatus for scanning an information plane,
which apparatus comprises an optical device as de-
scribed hereinbefore for forming a scanning spot in the
information plane. This apparatus is characterized in
that with the exception of the distance between the feed-
back element and the diode laser, the distances of all
optical elements of the optical device, are unequal to
said distance d.

The optical device according to the invention, sup-
plying a beam which can be deflected, can be used to
great advantage in an apparatus for scanning a tape-
shaped optical record carrier in tracks, which apparatus
comprises means for scanning the record carrier in a
direction transverse to the tape run direction. This ap-
paratus is characterized in that the means are constitut-
ed by an optical device as described hereinbefore, the
direction of the tracks extending at an angle to the lon-
gitudinal direction of the tape provided with tape drive
means for longitudinally moving the tape during scan-
ning and beam deflection means for moving the scan-
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ning spot in the track direction, which beam deflection
means are constituted by the components specified
above.

Since the wavelength variation in the beam from the
diode laser according to the invention is realised elec-
tronically, the velocity at which the tracks are scanned
may be considerably higher than in the case where cur-
rently available mechanical means such as a rotating
mirror polygon are used for deflecting the beam. More-
over, considerably fewer vibrations occur in the novel
beam deflection means than in a mechanical beam de-
flection means.

The invention will now be described in greater detail
by way of example with reference to the accompanying
drawings in which

Fig. 1 shows diagrammatically an embodiment of
an apparatus for optically scanning a record carrier,
comprising an optical device according to the inven-
tion,

Fig. 2 shows a pulse series emitted by the diode
laser,

Fig. 3 shows a first embodiment of an optical device
according to the invention, supplying a beam which
can be deflected,

Fig. 4 shows the principle of a second embodiment
of an optical device according to the invention, sup-
plying a beam which can be deflected,

Fig. 5 shows the shift of a spectrum of a pulsed di-
ode laser under the influence of feedback with a
feedback element having a variable reflection coef-
ficient,

Fig. 6 shows different spectra which are obtained
at different reflection coefficients, with the laser be-
ing monomode by using an etalon,

Figs. 7 to 10 show different embodiments of an el-
ement of this device,

Fig. 11 shows diagrammatically an embodiment of
a scanning device according to the invention for
scanning a tape-shaped record carrier,

Figs. 12a, b and ¢ show some embodiments of an
optically transparent body in the form of a plane-
parallel plate for folding the light path in an optical
device according to the invention,

Figs. 13a and 13b show in a plan view and in a side
elevation, respectively, a part of a second embodi-
ment of an optically transparent folding body for
folding the light path in three dimensions in an op-
tical device according to the invention,

Fig. 14 shows a third embodiment of an optically
transparent body in the form of a bar for folding the
light path in an optical device according to the in-
vention.

Fig. 1 shows diagrammatically a reading apparatus
1 for scanning an optical record carrier 3. Scanning is
understood to mean scanning during writing as well as
scanning during reading of the record carrier. The ap-
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paratus 1 may be, for example an optical disc player and
the record carrier 3may be, for example an optical audio
disc which is known as compact disc. The disc-shaped
optical record carrier 3 partly shown in a radial cross-
section comprises a transparent substrate 5 and a re-
flecting information layer 6. This layer 6 comprises a
large number of information areas (not shown) which
are optically distinguished from their surroundings. The
information areas are arranged in a large number of
tracks 4, for example quasi-concentric tracks which
jointly constitute a spiral track.

The reading apparatus 1 comprises an optical de-
vice 7 which is provided with a diode laser 8, an optical
system 9 and a radiation-sensitive detection system 10.
The diverging beam 11 emitted by the diode laser 8 is
converted, for example, by a collimator lens 14 into a
parallel beam and subsequently focused by an objective
system 13 shown diagrammatically by means of a single
lens element to a read spot 12 in the plane of the infor-
mation layer 6 which reflects the beam. When the record
carrier 3 is rotated by means of a shaft 15 which is driven
by a motor 17, an information track is scanned. By mov-
ing the record carrier 3 and the device 7 with respect to
each other in the direction denoted by the arrow 19, the
entire information plane can be scanned.

During scanning the reflected beam 11' is modulat-
ed in intensity in accordance with the information stored
in the succession of information areas. In order to sep-
arate the reflected beam 11' from the projected beam
11, the device 7 may be provided with a partially trans-
parent mirror which reflects a part of the reflected and
modulated beam 11' towards the radiation-sensitive de-
tection system 10. However, the combination of a polar-
ization-sensitive beam splitter 21 and a A/4 plate 23 as
shown in Fig. 1 is preferably used. It is then ensured that
the laser beam 11 has such a direction of polarization
that this beam is completely passed by the beam splitter
21. On its path to the record carrier 3, this beam travers-
es the A/4 plate 23 a first time and after reflection by the
record carrier it traverses this A/4 plate a second time
so that its direction of polarization is rotated through 90°
before it enters the beam splitter 21 again. Consequent-
ly, the beam 11' is completely reflected towards the de-
tection system 10.

The detection system 10 comprises more than one
detection element and its output signals are applied to
an electronic processing unit 25 in which the detector
signals are processed to an information signal S; which
represents the information which has been read, a ser-
vosignal S, for keeping the read spot centred on the
track to be read and a servosignal S; for keeping the
read beam focused on the information layer.

For further details of the read apparatus, reference
is made to the article "Het systeem "Compact Disc Dig-
ital Audio" by M.G. Carasso, J.B.H. Peek and J.P Sinjou
in Philips Technisch Tijdschrift 40, 267-272, 1981/82,
no. 9.

Even when a polarization-sensitive beam splitter
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and a /4 plate are used, radiation may still return to the
diode laser and enter the laser resonance cavity. This
radiation affects the radiation emitted by the diode laser.
The feedback may be caused by, for example, reflection
on the front face 20 of the beam splitter 21 or by bire-
fringence of the substrate 5 of the record carrier 3 so
that the direction of polarization of the beam incident on
the beam splitter 21 and reflected by the information
plane is not rotated through exactly 90°. Due to all kinds
of vibrations which may occur in the read apparatus, the
phase of the radiation which has been fed back will ex-
hibit variations so that the radiation emitted by the laser
has a noise component. The frequency of this noise is
such that particularly the servosignals S, and S; are af-
fected so that problems may arise during tracking and
focusing. Furthermore, the feedback may give rise to an
increase of the wavelength band of the laser beam and
o an offset of the wavelength of this beam, dependent
on the quantity of radiation which has been fed back. A
drawback of an increase of the wavelength band is the
occurrence of dispersion in the optical system. Since the
optical system is a monochromatic system, deviations
in the radiation spot 12 occur.

To prevent the detrimental influences of said feed-
back, use is made accordingto the invention of a pulsed
laser beam and a feedback element 27 having a given
reflection coefficient is arranged at a defined location in
the device. It is ensured that the part, reflected by the
element 27, of a radiation pulse emitted by the diode
laser arrives at the laser again at a suitable intensity and
within the build-up time of a subsequent radiation pulse
which is being generated. It has been found that it is
exactly within this build-up time that the process of stim-
ulated emission occurring within the laser is maximally
sensitive to photons which are supplied externally, so
that these photons substantially completely determine
the behaviour of the diode laser.

With reference to Fig. 2 showing a number of pulses
LP; of the laser pulse series, withi=1, 2, ..., n the delay
time condition for areflected laser pulse portion LP, jcan
be determined. It has been assumed that the pulse du-
ration of the emitted laser pulse is p and the period of
the series is T. For the extent to which a reflected pulse
LP,;caninfluence a pulse LP; emitted by the diode laser,
the instant when, in combination with the quantity with
which the reflected radiation energy reaches the diode
laser is of great importance. To this end the delay time
R; of the reflected pulse is to fall within two limits.

The first limit value is given by:

R=T

t

while the second limit is given by

R,=T-p-Ap
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Since, in principle, it is also possible that a reflected
laser pulse LP, ; does not drive the next laser pulse LP,
but the second next pulse LP4 or one of the subsequent
pulses LP;, the above-mentioned limits can be general-
ized to:

y)
1l

nT

R,=nT-p-Ap

with n being an integer.
The condition which the radiation energy of the re-
flected pulse must satisfy is:

E(P,) >E(LP)

at an instant t. ; within the build-up time Ap of the i-th
pulse, at which instant the reflected pulse enters the la-
ser.

This means that at the instant t, ; the radiation en-
ergy of the reflected pulse must be larger than the radi-
ation energy built up at that instant in the laser for the
next pulse (i-th pulse) to be emitted by the diode laser.

If the upper limit B, = n.T were satisfied, the trailing
edge of the reflected pulse would coincide with the in-
stant when the next pulse to be emitted is completely
built up so that the reflected pulse no longer has any
influence on the pulse to be emitted.

If the lower limit R, = nT - p - Ap were satisfied, the
leading edge of the reflected pulse would coincide with
the instant when the build-up of a new pulse has not yet
started. Said limits are not absolute limits. Under circum-
stances some effect may still occur when these limits
are slightly exceeded.

On the other hand, the delay time, i.e. the time re-
quired by a radiation pulse LP; to cover the path from
the exit face of the diode laser and back to the diode
laser, is given by 2d/c in which d is the distance between
the diode laser 8 and the feedback element 27 and ¢ is
the speed of propagation of the light in the medium tra-
versed by the radiation. In combination with the two lim-
iting conditions, this yields the following delay time con-
dition:

nT-p-Ap < 2—Cd <nT

so that the distance d is thus given by:

c c
d= é.nT- é.e(p+Ap)

in which € is a number larger than zero and smaller than
one whose value is determined by the energy of the re-
flected pulse. If this energy is relatively large, the reflect-
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ed pulse may arrive at a later instant within the build-up
time so that € is then closer to zero than to one. If the
energy of the reflected pulse is lower, this pulse should
arrive at an earlier instant within the build-up time so that
gisthen closerto one than to zero. e is therefore inverse-
ly proportional to the reflected pulse energy.

By arranging a feedback element 27 (Fig. 1) having
a suitable reflection coefficient at a distance d from the
diode laser and by ensuring that all other elements
which can reflect radiation are arranged at a distance
which does not satisfy the above-mentioned general
condition, it is achieved that the behaviour of the diode
laser, and hence the parameters and quality of the laser
beam, are substantially only determined and maintained
constant by the feedback via the first-mentioned ele-
ment 27.

By suitable choice of the nature of the feedback el-
ement 27, a given parameter of the laser beam can be
adjusted. The feedback element may be, for example a
wavelength-selective element such as, for example a
prism, a grating or an etalon. In this way the wavelength
of the beam can be adjusted and maintained. Feedback
can be realised both at the rear mirror and at the front
mirror of the diode laser.

The feedback element 27 is shown by means of a
broken line in Fig. 1 because, instead of using a sepa-
rate feedback element, the invention may also be real-
ised by giving the surface of an element already present
in the device 7, for example, the surface 20 of the beam
splitter 21 a suitable reflection coefficient and by ensur-
ing that this surface 20 is situated at the above-men-
tioned distance d from the diode laser 8.

A condition for the choice of the feedback element
27 is that the beam 11 from the diode laser 8 enters the
diode laser again after reflection by the feedback ele-
ment.

If the beam 11 is converted into a parallel beam by
means of a collimator lens 14, the feedback element 27
may be implemented as a (plane-parallel) plate because
the collimator lens 14 focuses again onthe diode laser 8.

If no use is made of the collimator lens 14, the feed-
back element 27 should have a curved surface in order
to convert the diverging beam 11 into a beam which can
enter the diode laser.

In practice the distance d between the diode laser
and the feedback element, which distance is required to
obtain spectral stabilization of the diode laser, may be
relatively long, which is a drawback due to the desired
compactness of the optical device. For example, for a
pulse period p of 1 ns, a distance d of approximately 150
mm is required.

In accordance with a further embodiment of the
present invention the light path between the diode laser
8 and the feedback element 27 is folded. To this end the
device may comprise, for example two facing reflectors
between which the radiation beam is reflected a number
of times. However, due to the stability, one body 120 of
optically transparent material, for example a glass body
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is preferably used, in which two facing surfaces are re-
flecting so that a radiation beam entering the body is
reflected many times. The tolerances are then deter-
mined during manufacture of the body. The folding body
may not only be made of glass but also of other optically
transparent materials having a sufficiently high refrac-
tive index, such as transparent synthetic material.

There may be different embodiments of such a fold-
ing body 120. A first embodiment is shown in Fig. 12a
and comprises a plane-parallel plate 121, of which afirst
surface 123 and a second surface 125, which surfaces
are located opposite each other, are provided with a re-
flection layer 127 having a high reflection. The first sur-
face 123 further has an entrance window 129 and the
second surface 125 has an exit window 131. A radiation
beam 11 emitted by the diode laser 8 enters the plane-
parallel plate 121 through the entrance window 129, for
example via a collimator lens 130 and, since the beam
is incident on the surfaces 123 and 125 at a small angle,
it is reflected many times by these surfaces. The beam
then reaches a wavelength-selective reflecting element
27 which is arranged in or behind a third window 128 in
one of the surfaces. Subsequently, the beam traverses
the plate in the reverse direction so as to leave it viathe
window 129 on its way to the diode laser.

The exit window 131 may be used for coupling the
diode laser radiation which is not required for feedback
out of the folding body. To this end the window 131 is
preferably provided with a layer 132 functioning, for ex-
ample as a partially transmissive beam splitting mirror.

The wavelength-selective feedback element 27
may be a separate component. However, this element
is preferably integrated with the plane-parallel plate, i.e.
it is arranged at the location of the window 128. This
element may be, for example a prism. The prism may
be arranged on the window or formed by a recess in the
window. A grating 27 as shown in Fig. 12a is, however,
preferred because of its relatively high wavelength-re-
solving power.

A grating may be integrated in the glass body in dif-
ferent manners. For example, the grating may be direct-
ly etched in a glass folding body or arranged as a sep-
arate component on the folding body. Another possibility
is to provide a thin synthetic material layer on the folding
body in which subsequently the grating is provided by
means of a replica technique.

Due to folding, a radiation path having a length of,
for example 130 mm in air for a radiation beam with a
diameter of 3mm can be accommodated in a glass plate
having a thickness D of 8 mm and a length L of 13 mm,
if the glass has a refractive index of 1.8.

Folding may alternatively be effected three- dimen-
sionally instead of two- dimensionally. To this end a ret-
ro-directive element 133 may be arranged on a fourth
window 136 at the end of a first light path 135 on the
glass body as shown in Fig. 22. After the radiation beam
has traversed the first light path 135, which is located in
a first plane perpendicular to the reflecting surfaces of
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the glass body, it is first reflected in the direction perpen-
dicular to the plane of the drawing and subsequently re-
flected in a direction parallel to the direction of incidence
on the element 133 so that the beam is passed into the
plane-parallel plate 121 again so as to traverse a second
light path 137 located in a second plane parallel to the
first plane. In this way the folded light paths 135, 137
and possibly further light paths are stacked and conse-
quently a folding body having a shorter length L can be
used for realising a light path having a total length d
which is required for spectral stabilization. This embod-
iment is shown in Fig. 13. Fig. 13a is a plan view and
Fig. 13b is a side elevation.

Avery suitable example of a retro-directive element
1383 is a prism having an apex angle of 90°. The top rib
of this prism is perpendicular to the chief ray of the
beam. The prism has been ground in such a way that
the base face 139 located opposite the top rib is parallel
to the surface 125 so that there are no reflection losses.

In another possible embodiment the folding body
120 according to the invention is formed as an optically
transparant body 122 having a rectangular or square
cross-section as is shown in Fig. 14. In this embodiment
the surfaces 145, 146, 148, 149 are oriented with re-
spect to the incident radiation beam in such a way that
there is total internal reflection of the beam on each sur-
face. In the embodiment of Fig. 14 this is effected twice
for each surface before the beam reaches the feedback
element 27. After reflection by this element, the beam
traverses the same radiation path in the reverse direc-
tion and leaves the folding body via the surface 145 on
its way to the diode laser.

The diode laser radiation which is not required for
feedback leaves the folding body 122 via the surface
149. At the position where this is realised a layer 151 is
provided, which layer functions as a partially transmis-
sive beam splitting mirror. Moreover, a prism 147 is pref-
erably provided at said position and its surface 150 is
perpendicular to the chief ray of the beam. A similar
prism 143 with a perpendicular surface 152 is also pref-
erably arranged on the surface 145 at the location where
the diode laser beam enters the folding body. Both
prisms may be made of, for example the same material
as the glass body. In this embodiment and in the em-
bodiment including the plane-parallel plate, the feed-
back element 27 may be a prism, a grating or an etalon
which is arranged in or behind the window 153 in the
glass body. A grating is, however, preferred because of
its relatively high wavelength-resolving power.

In the same way as is shown in Figs. 13a and 13b
for the plane-parallel plate, the folding body of Fig. 14
may comprise a plurality of folded light paths in parallel
planes within the glass body which are stacked by
means of a retro-directive element 133 so as to realise
folding in three dimensions.

Both embodiments 121, 122 of the folding body may
alternatively be implemented in such a way that the en-
trance window and the exit window are located in the
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same surface 123 or 145 and coincide. In that case the
diode laser radiation not required for feedback is to be
coupled out by means of an additional element, for ex-
ample a partially transmissive beam splitter between the
diode laser and the folding body for further use in the
device.

In each one of said embodiments of the folding body
with a grating as a feedback element it is possible to
arrange the grating at an acute angle with respect to the
surface 125 or 149, as is shown for a grating in Figs.
12b and 12¢ for a folding body in the form of a plane-
parallel plate. in fact, the wavelength-resolving power is
dependent on the number of grating periods falling with-
in the radiation beam and hence on the diameter of this
radiation beam. By tilting the grating with respect to the
surface of the glass body, a larger surface of the grating
is covered by the same radiation beam and consequent-
ly a larger wavelength-resolving power can be achieved.

In each embodiment of the glass body 121, 122,
and both for a grating and an etalon and for a prism as
a feedback element, the body can be arranged in the
optical device 1 to rotate with respect to the incident
beam 11 so that the wavelength to be reflected can be
changed.

The invention may also be used in an apparatus for
reading a radiation-transmissive record carrier. The op-
tical device of such an apparatus differs from that shown
in Fig. 1 in that the detection system is situated at a dif-
ferent side of the record carrier than the radiation
source.

The invention can be used to great advantage in an
apparatus for optically writing a record carrier. The radi-
ation source in such an apparatus should supply a larger
power than that in a read apparatus. The larger power
can be obtained by providing the front mirror of the diode
laser with an antireflection coating. As a result, however,
the diode laser will be extra sensitive to feedback. Con-
sequently, the use of the invention in a write apparatus
has a still greater effect than in a read apparatus. The
optical device of the write apparatus may differ from that
shown in Fig. 1 in that the path of the laser beam incor-
porates a modulator for modulating the beam intensity
in conformity with the information to be written. This
modulation is preferably realised by means of modula-
tion of the amplitude of the electric current through the
diode laser.

In the embodiments described hereinbefore the di-
ode laser is stabilized at a fixed wavelength. Instead of
selecting a single mode it may, however, be desirable
to have an adjustable wavelength in certain applica-
tions. This provides, for example, the possibility of de-
flecting the radiation beam in accordance with the prin-
ciple described in United States Patent US-A 4,918,679.
By arranging a dispersive element in the radiation path
subsequent to the feedback element so as to vary the
wavelength of the beam, a practical and attractive em-
bodiment of said principle is obtained.

The dispersive element may be a transmission el-
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ement or a reflection element.

The wavelength variation of the diode laser radia-
tion desired for the beam deflection may be realised in
different manners by making use of the feedback ele-
ment which is already present for stabilizing the laser
wavelength.

Fig. 3 shows a first embodiment of a device for sup-
plying a stabilized laser beam in which the direction is
adjustable. The feedback element of this device com-
prises an optical waveguide 29 with a grating 33 inte-
grated in the direction of propagation of the radiation
beam, denoted by an arrow 31, and with a varying period
P;.

In principle, the beam coming from the diode laser
and coupled into the waveguide may be reflected in a
greater or less degree by any part of the grating. As will
be evident from the foregoing, only that part of the grat-
ing situated at said distance from the diode laser will
influence the behaviour of the diode laser. Said part has
a given grating period so that the radiation fed back into
the diode laser and hence the radiation emitted by the
diode laser has a given wavelength associated with this
period. By adjusting, as shown in Fig. 3, the repetition
frequency of the electric current source 34 by means of
a circuit 36 which is driven by a control signal Sc, the
delay time condition and hence the distance d can be
adjusted. This means that each time a different part of
the grating, each with a different period is selected for
the feedback. The wavelength of the diode laser radia-
tion can thus be varied.

The optical waveguide 29 may be implemented, for
example as an optical fibre, with a planar grating being
arranged in the longitudinal direction. The waveguide
may also be formed as a planar optical waveguide or a
channel waveguide of, for example a semiconductor
material or glass in which a planar grating is arranged
in the axial direction.

The beam 35 emerging from the waveguide 29 at
the wavelength stabilized by the grating is subsequently
incident on a dispersive element 37. This may be, for
example a prism or a grating, the grating having a better
wavelength resolution than the prism. The angle at
which the beam 35 will be deflected by the dispersive
element 37 is dependent on the wavelength selected by
the adjusted repetition frequency and the feedback grat-
ing.

Fig. 4 shows diagrammatically a further possibility
of generatig a stabilized laser beam with an adjustable
wavelength.

The feedback element 27 is now implemented as a
reflective element having a variable reflection. The exit
face 43 of the diode laser has a low reflection coefficient,
for example, by providing this face with an antireflection
coating. The wavelength of the output spectrum of such
a diode laser is smaller than that of the output spectrum
of a diode laser having an exit face with a high reflection
coefficient. This is probably due to the fact that the
charge carrier density in the laser resonance cavity of
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the first-mentioned laser is larger during laser action
than in the last-mentioned laser.

Since the feedback element is arranged behind the
diode laser with a higher reflection coefficient, the effec-
tive reflection coefficient for the diode lasers and hence
the number of above-mentioned charge carriers is de-
termined by the adjustable reflection coefficient of the
feedback element.

For example, if a feedback element having a reflec-
tion coefficient of 0.90 is arranged behind a diode laser
whose exit face has a reflection coefficient of 0.04, the
spectrum of the diode laser will shift from 860 nm to 850
nm, as is shown in Fig. 5. A packet of laser modi, which
packet has a width of approximately 2 nm, is situated
around each of these wavelengths. Thus, when varying
the reflection coefficient between 0.04 and 0.90, five
wavelengths can be distinguished.

An element having an adjustable reflection coeffi-
cient can be realised by the combination of an at least
partially transparent reflector 39 with a component 41
having an adjustable transmission coefficient arranged
between the diode laser 8 and the reflector 39. In order
that the reflected pulse returning to the laser satisfies
the delay time condition, the reflector 39 should be sit-
uated at said distance d from the diode laser 8.

Fig. 5 shows the spectrum of a pulsed multimode
diode laser. In order to increase the number of distin-
guishable wavelengths, an etalon, for example in the
form of a plane-parallel glass plate 40 is preferably ar-
ranged in the radiation path. If the "free spectral range",
ie. the difference between two wavelengths both of
which fit within the width W of the etalon is smaller than
the distance between the individual laser modi, which
distance is, for example 0.3 nm, the spectrum of the di-
ode laser can be narrowed considerably. As a result it
is achieved that the pulsed diode laser will behave as a
monomode laser and emits only one wavelength. This
is illustrated in Fig. 6 showing the different laser spectra
which are obtained at different reflection coefficients R.
The overall width of all spectra combined is, for exam-
ple, approximately 15 nm. The number of distinguisha-
ble wavelengths is determined by the length of the diode
laser resonance cavity. If this length is, for example, 1
mm and the mode distance is, for example, 0.1 nm, 150
different wavelengths can in principle be distinguished
within the range of 15 nm. To be able to convert this
number of wavelengths actually into as many beam di-
rections, the grating 37 should have a separating power
which is equal to or smaller than the distance between
the laser modi. If this distance is 0.1 nm and the grating
has 1000 periods per mm, the desired number of 150
different directions for the laser beam can be obtained
with a 4 mm long grating for the second-order diffracted
beam. The grating may be formed in such a way that
the greater part of the radiation incident thereon is dif-
fracted in the second order.

Instead of a transmission etalon 40 and a reflector
39, only one reflector formed as an etalon may be used.
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Also in the embodiments to be described hereinafter an
etalon operating in reflection or not in reflection may be
arranged in the radiation path so as to obtain a mono-
mode laser beam.

Different embodiments are possible for the compo-
nent 41 having an adjustable transmission coefficient.

A first possibility is to choose an electro-optical el-
ement 43 in combination with a polarization analyzer 45
for the component 41.

Fig. 7 shows an embodiment of a device according
to the invention in which the electro-optical element 43
is an electro-optical crystal. With the aid of a voltage
source 47 a voltage is applied across the electro-optical
crystal 43 via electrodes 49, 51 arranged on the sides
of the crystal. This voltage determines the birefringence
of the crystal. Dependent thereon, a radiation beam
passing through the crystal will undergo a change in the
state of polarization. This radiation beam is subsequent-
ly incident on a polarization analyzer 45 so that the
change of the state of polarization is converted into a
change of intensity. By varying the voltage across the
crystal 43the intensity of the pulse reflected towards the
diode laser can thus be changed. Dependent on this in-
tensity, the diode laser will be stabilized at a different
wavelength.

An embodiment of a device according to the inven-
tion, based on the same principle, is shown in Fig. 8 in
which the electro-optical element 43 is a liquid crystal-
line material. Here again a voltage is applied across the
material via electrodes 55, 57 by means of a voltage
source 53 so that a radiation beam passing through the
material undergoes a change of polarization. This
change of polarization is subsequently converted into a
change of intensity by the polarization analyzer 45.

A second possibility is to choose an acousto-optical
element 59 instead of an electro-optical element for the
component 41. An embodiment of this element is shown
in Fig. 9. In this embodiment the acousto-optical ele-
ment 59 is formed from a piezoelectric substrate 61 on
which an optical waveguide 63 is arranged. An acoustic
wave is generated in the waveguide 63 via electrodes
67, 69 by means of a voltage source 65. This wave in-
duces a mechanical voltage in this medium, which will
give rise to periodical changes of the refractive index in
the medium. In this way an optical grating is formed in
the medium so that a radiation beam passing through
the medium is diffracted. The angle at which diffraction
takes place can be varied by varying the frequency of
the voltage source and hence that of the acoustic wave.
The quantity of diffracted radiation can be modulated by
varying the amplitude of the acoustic wave.

The way in which diffraction takes place is depend-
ent on the thickness of the optical waveguide 63 and the
intensity of the acoustic wave. In a thin-film optical
waveguide and at a relatively low intensity of the acous-
tic wave the incident beam is partly diffracted in only one
higher order, the first order (Raman-Nath diffraction).
For a thicker waveguide and an increasing intensity of
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the acoustic wave an incident beam is partly diffracted
in different higher orders (Bragg diffraction). This means
that the modulation depth for a given intensity of the
acoustic wave is greatest at the Raman-Nath diffraction.

A third possibility is to form the component 41 hav-
ing the adjustable transmission coefficient from a planar
interferometer 70, at least one branch of which incorpo-
rates an optical phase shifter 71. An embodiment is
shown in Fig. 10. Via an entrance waveguide 73 the en-
tering beam 11 from the diode laser 8 is split up into two
sub-beams at the location of the first Y junction 75,
which sub-beams propagate in the two intermediate
waveguides 77, 79. The two sub-beams are combined
atthe location of the second Y junction 81 to an outgoing
beam which leaves the interferometer via the exit
waveguide 83. In principle, the two intermediate
waveguides are equivalent and the beam 11 at the first
Y junction 75 is split up into two sub-beams having an
equal amplitude and phase. The intensity of the exiting
beam is then maximal. If a voltage is applied across one
of the two branches via electrodes 87, 89 by means of
a voltage source 85, a change of the refractive index will
occur in this branch due to, for example the electro-op-
tical effect and dependent on the material of the
waveguides, resulting in a phase shift of a beam passing
through this branch. The recombination of the two sub-
beams in the exit waveguide will give rise to constructive
or destructive interference, dependent on the relative
phase shift of these beams. If desired, a voltage may
also be applied (not shown) to the second branch by
means of electrodes as long as the two intermediate
waveguides cause a different phase shift of a sub-beam
passing through them.

In this way the intensity of the radiation beam is var-
ied by ensuring that the two sub-beams have undergone
a phase shift with respect to each other after they have
passed through the interferometer.

The optical device according to the invention, sup-
plying a beam which can be deflected, can be used to
great advantage in a scanning device 91 for optically
scanning a tape-shaped record carrier 93.

Fig. 9 shows diagrammatically an embodiment of
such a scanning device. A tape-shaped record carrier
93 is transported from a first reel 95 to a second reel 97
in the tape run direction which is denoted by an arrow
99. The tape-shaped record carrier 93 is guided via cap-
stans 101, 103. A beam 105 from the optical device 7 is
diffracted by a dispersive element 37 to an objective sys-
tem 107 which focuses the diffracted radiation beam
106 to a scanning spot 108 in the information plane of
the record carrier. The angle at which the radiation beam
105 is diffracted is dependent on the wavelength. By
varying the wavelength of the beam 105, this angle is
varied so that a scanning beam is created. Each wave-
length is focused at a different position on the record
carrier 93. Since this variation in wavelength is realised
electronically, notably electro-optically or acousto-opti-
cally, in the optical device 7, the speed at which the dif-
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fracted beam 106 is controlled is considerably higher
than in the current scanning devices in which use is
made of a mechanically driven polygon mirror.

The optical device 100 is further also suitable for
use in optical scanning apparatuses in which the record
carrier is an optical disc. A recording track on such a
record carrier is scanned by means of a radiation beam
focused to a scanning spot. In order that the scanning
spot is and remains correctly positioned with respect to
the recording track, such scanning apparatuses are pro-
vided with a tracking servosystem. With this system the
position of the scanning spot with respect to the track is
detected and with reference thereto the position of the
scanning spot is corrected. For generating the tracking
signal, use can be made of a scanning spot periodically
moving transversely to the track as described in US Pat-
ent 4,918,679. For obtaining this periodical motion, use
can be made of the device according to the invention
denoted by 100 in Fig. 9 if the wavelength therein is pe-
riodically varied. In order to correct the position of the
scanning spot with respect to the centreline of a track to
be scanned, use may also be made of the device 100
which is then controlled by a control signal derived from
a tracking error signal.

A pulsed laser beam may be obtained by operating
the diode laser with a periodically modulated electric
current, for example a sinusoidal or pulsed current. Use
may alternatively be made of a diode laser having such
a structure that it supplies a pulsing beam. Such a laser,
which is commonly referred to as self-pulsing laser, is
known from, for example British Patent Application 2
221 094.

In addition to scanning devices for optical record
carriers, discs or tapes, the invention may alternatively
be used in other writing apparatuses such as laser print-
ers and in inspection or measuring apparatuses such as
scanning microscopes. The invention may generally be
used in optical devices using an optical system and a
diode laser as a radiation source in which feedback of
radiation to the diode laser may occur due to reflections
on elements of the optical system as in, for example op-
tical telecommunication systems.

Claims

1. An optical device comprising a diode laser (8) for
generating a radiation beam, and an optical system
(9) for concentrating and guiding the radiation
beam, wherein the diode laser is a pulsed laser
which supplies radiation pulses at a pulse duration
p anda pulse period T and a partially reflecting feed-
back element (27) is arranged in the radiation path
of the radiation beam at approximately a distance d
from the diode laser, which distance d satisfies the
condition
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_c

9=3

.nT - g.e(p+Ap)

in which n is an integer, ¢ is the light velocity in the
medium traversed by the radiation beam, Ap is the
build-up time of a pulse PL in the diode laser and e
is a real number which satisfies 0 < € < 1 and in-
creases or decreases within these limits at a de-
creasing or increasing energy E(P,), respectively, of
aradiation pulse reflected by the feedback element
so that the condition given by

E(P,) > E(PL,)

is satisfied at the instant when said radiation pulse
enters the diode laser, E(PL;) being the radiation en-
ergy built up in the diode laser at the relevant in-
stant.

An optical device as claimed in Claim 1, character-
ized in that the feedback element is an element of
the optical system.

An optical device as claimed in Claim 1 or 2, char-
acterized in that the feedback element is a wave-
length-selective element.

An optical device as claimed in any one of Claim 1,
2 or 3, characterized in that folding means for fold-
ing the radiation path are arranged between the di-
ode laser and the feedback means.

An optical device as claimed in Claim 4, character-
ized in that the folding means comprise a folding
body of optically transparent material having at
least two reflecting surfaces and being provided
with an entrance window and an exit window, and
in that one of the reflecting surfaces is provided with
a third window for transmitting the diode laser radi-
ation to and from the feedback means.

An optical device as claimed in Claim 4 or 5, char-
acterized in that the feedback means are integrated
in the third window.

An optical device as claimed in Claim 5 or 6, char-
acterized in that each reflecting surface is provided
with a layer having a high reflection coefficient.

An optical device as claimed in any one of Claim 5,
6 or 7, characterized in that the folding body is a
plane-parallel plate in which the first reflecting sur-
face and the second reflecting surface are located
opposite and parallel to each other.

An optical device as claimed in Claim 5 or 6, char-
acterized in that the folding body is present in a me-
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dium having a refractive index which is smaller than
that of the body material, in that the folding body
has at least two surfaces which totally and internally
reflect radiation incident thereon and in that the ra-
diation is reflected at least once by each one of said
two surfaces when it traverses a coplanar radiation
path in the folding body.

An optical device as claimed in Claim 5, 6, 7, 8 or
9, characterized in that an optical prism is arranged
on the entrance window and on the exit window, the
surface of said prism, through which a radiation
beam enters and leaves the prism, being transverse
to the chief ray of the beam.

An optical device as claimed in Claim 5, 6, 7, 8, 9
or 10, characterized in that one of the reflecting sur-
faces is provided with a fourth window on which a
retro-directive element is arranged by which the ra-
diation, after having traversed a first radiation path
extending to the reflecting surfaces viaa number of
reflections, is capturedin afirst plane within the fold-
ing body and is reflected parallel to itself, and re-
enters the body so as to traverse at least a second
radiation path extending to the reflecting surfaces
viaa number of reflections in a plane parallel to the
first plane.

An optical device as claimed in any one of the pre-
ceding Claims, characterized in that the feedback
element is a grating.

An optical device as claimed in Claim 11, charac-
terized in that the grating extends at a small angle
different from 0° to the third window.

An optical device as claimed in any one of Claims
6 to 13, characterized in that for the purpose of
changing the wavelength of the radiation reflected
towards the diode laser, the folding body is rotatably
arranged at a small angle with respect to the radia-
tion beam supplied by the diode laser.

An optical device as claimed in Claim 1, character-
ized in that electronic control means are provided
for adjusting the wavelength of the radiation sup-
plied by a combination of diode laser and feedback
element at different discrete values.

An optical device as claimed in Claim 15 for supply-
ing a directionally adjustable beam, characterized
in that a dispersive element is arranged behind the
feedback element.

An optical device as claimedin Claim 15 or 16, char-
acterized in thatthe feedback element is constituted
by an optical waveguide with a grating integrated
therein, which grating has a period varying in the
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direction of propagation of the radiation beam, and
in that the electronic control means are constituted
by a frequency-adjustable, periodically modulated
current source for the diode laser.

An optical device as claimed in Claim 15 or 16, char-
acterized in that an exit face of the diode laser has
a low reflection coefficient and in that the feedback
element is constituted by a partially transparent re-
flector arranged at the distance d from the exit face
of the diode laser and a component which is ar-
ranged between said reflector and the diode laser
and has an adjustable transmission coefficient, and
in that the electronic control means are constituted
by electrodes on the component and an adjustable
voltage source whose output terminals are connect-
ed to the electrodes.

An optical device as claimed in Claim 18, charac-
terized in that the component having the adjustable
transmission coefficient is constituted by an electro-
optical element succeeded by a polarization ana-
lyzer.

An optical device as claimed in Claim 19, charac-
terized in that the electro-optical element is a liquid
crystalline material.

An optical device as claimed in Claim 18, charac-
terized in that the component having the adjustable
transmission coefficient comprises an acousto-op-
tical element succeeded by a polarization analyzer.

An optical device as claimed in Claim 18, charac-
terized in that the component having the adjustable
transmission coefficient is constituted by a planar
interferometer, at least one branch of which incor-
porates an optical phase shifter.

An optical device as claimed in one of the Claims
15t0 22, characterized in that an etalon is arranged
in the radiation path in addition to the component
having the adjustable transmission coefficient.

An optical device as claimed in any one of the pre-
ceding Claims, characterized in that the diode laser
is a self-pulsing diode laser.

An apparatus for scanning an information plane,
which apparatus comprises an optical device as
claimed in one of the Claims 1 to 14, for forming a
scanning spot in the information plane, character-
ized in that with the exception of the distance be-
tween the feedback element and the diode laser,
the distances of all optical elements of the optical
device are unequal to said distance d.

An apparatus as claimed in Claim 25 for scanning
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atape-shaped optical record carrier in tracks, which
apparatus comprises means for scanning the
record carrier in a direction transverse to the tape
run direction, characterized in that the means are
constituted by an optical device as claimed in any
one of Claims 16 to 24, the direction of the tracks
extending at an angle to the longitudinal direction
of the tape provided with tape drive means for lon-
gitudinally moving the tape during scanning and
beam deflection means for moving the scanning
spot in the track direction, which beam deflection
means are constituted by the components specified
in the characterizing parts of Claims 16-24.

Patentanspriiche

1.

Optische Einrichtung mit einem Diodenlaser (8)
zum Erzeugen eines Strahlungsbindels und mit ei-
nem optischen System (9) zum Zentrieren und Fih-
ren des Strahlungsbiindels, worin der Diodenlaser
ein pulsierter Laser ist, der Strahlungsimpulse mit
einer Impulsdauer p und einer Impulsperiode T lie-
fert und mit einem teilweise reflektierenden Riick-
koppelelement (27) im Strahlungsweg des Strah-
lungsbiindels in etwa einem Abstand d vom Dioden-
laser, wobei dieser Abstand d folgende Bedingung
erfallt

c c
d—é . nT-é . € (p+Ap)

worin n eine Ganzzahl ist, ¢ die Lichtgeschwindig-
keit in dem vom Strahlungsbiindel durchquerten
Medium ist, Ap die Aufbauzeit eines Impulses PL
im Diodenlaser und € eine Realzahl sind, die 0 < ¢
< 1 erfullt und innerhalb dieser Grenzen bei einer
abnehmenden bzw. ansteigenden Energie E(P,) ei-
nes vom Rickkoppelelement reflektierten Strah-
lungsimpulses ansteigt oder abnimmt, so daf3 nach-
stehende Bedingung

E(P)> E(PL)

zum dem Zeitpunkt erfullt wird, wenn der Strah-
lungsimpuls in den Diodenlaser eintritt, wobei E
(PL;) die im Diodenlaser zum betreffenden Zeit-
punkt aufgebaute Strahlungsenergie ist.

Optische Einrichtung nach Anspruch 1, dadurch ge-

kennzeichnet, daB3 das Rluckkoppelelement ein Ele-

ment des optischen Systems ist.

Optische Einrichtung nach Anspruch 1 oder 2, da-
durch gekennzeichnet, daB das Rickkoppelele-

ment ein wellenlangenempfindliches Element ist.
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10.

11.

Optische Einrichtung nach einem der Anspriiche 1,
2 oder 3, dadurch gekennzeichnet, daf3 Faltungs-
mittel zum Falten des Strahlungsweges zwischen
dem Diodenlaser und dem Ruckkoppelmittel ange-
ordnet sind.

Optische Einrichtung nach Anspruch 4, dadurch ge-

kennzeichnet, da3 das Faltungsmittel einen Fal-

tungskérper aus optisch transparentem Material mit
wenigstens zwei Reflexionsflachen enthalt und mit
einem Eintrittsfenster und einem Austritisfenster
versehen ist, und daB eine der Reflexionsflachen
mit einem dritten Fenster zum Ubertragen der Di-
odenlaserstrahlung nach dem Riickkoppelmittel hin
und zurlck versehen ist.

Optische Einrichtung nach Anspruch 4 oder 5, da-
durch gekennzeichnet, daB das Rickkoppelmittel
im dritten Fenster integriert ist.

Optische Einrichtung nach Anspruch 5 oder 6, da-
durch gekennzeichnet, daB jede Reflexionsflache
mit einer Schicht mit einem hohen Reflexionskoef-
fizienten versehen ist.

Optische Einrichtung nach einem der Anspriiche 5,
6 oder 7, dadurch gekennzeichnet, da der Fal-
tungskérper eine planparallele Platte ist, in der die
erste Reflexionsfliche und die zweite Reflexions-
flache einander gegenlber und parallel zueinander
angeordnet sind.

Optische Einrichtung nach Anspruch 5 oder 6, da-
durch gekennzeichnet, daf3 der Faltungskérper sich
in einem Medium mit einem Brechungsindex befin-
det, der kleiner ist als der des Kérpermaterials, dai3
der Faltungskérper wenigstens zwei Oberflachen
hat, die insgesamt und im inneren daraufankom-
mende Strahlung reflektieren, und daB die Strah-
lung wenigstens einmal von jeder einen der beiden
Flachen reflektiert wird, wenn sie einen koplanaren
Strahlungsweg im Faltungskérper durchquert.

Optische Einrichtung nach Anspruch 5, 6, 7, 8 oder
9, dadurch gekennzeichnet, dal auf dem Eintritts-
fenster und auf dem Austrittsfenster ein optisches
Prisma angeordnet ist, wobei die Oberflache des
Prismas, durch die ein Strahlungsbiindel eintritt und
aus dem Prisma entweicht, quer zum Hauptstrahl
des Bindels verlauft.

Optische Einrichtung nach Anspruch 5, 6, 7, 8, 9
oder 10, dadurch gekennzeichnet, daf eine der Re-
flexionsflachen mit einem vierten Fenster versehen
ist, auf dem ein rlckwartsgerichtetes Element an-
geordnet ist, in dem die Strahlung nach Zurlckle-
gen eines ersten Strahlungsweges, der sich nach
den Reflexionsflachen Uber eine Anzahl von Refle-
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xionen erstreckt, in einer ersten Ebene im Faltungs-
kérper eingefangen und parallel zu sichselbst re-
flektiert wird, und erneut in den Kérper eintritt, um
wenigstens einen zweiten Strahlungsweg zurick-
zulegen, der sich nach den Reflexionsflachen Uber
eine Anzahl von Reflexionen in einer Ebene parallel
zur ersten Ebene erstreckt.

Optische Einrichtung nach einem oder mehreren
der vorangehenden Anspriche, dadurch gekenn-
zeichnet, daB das Riickkoppelelement ein Gitter ist.

Optische Einrichtung nach Anspruch 11, dadurch
gekennzeichnet, daf3 das Gitter sich unter einem
spitzen Winkel abweichend von 0° mit dem dritten
Fenster erstrecki.

Optische Einrichtung nach einem oder mehreren
der Anspriche 6 bis 13, dadurch gekennzeichnet,
daB zum Andern der Wellenlénge der nach dem Di-
odenlaser reflektierten Strahlung der Faltungskér-
per unter einem spitzen Winkel in bezug auf das
vom Diodenlaser gelieferte Strahlungsbiindel dreh-
bar angeordnet ist.

Optische Einrichtung nach Anspruch 1, dadurch ge-
kennzeichnet, daB elektronische Steuermittel zum
Einstellen der Wellenlange der Strahlung aus einer
Kombination von Diodenlaser und Rickkoppelele-
ment bei verschiedenen diskreten Werten vorgese-
hen sind.

Optische Einrichtung nach Anspruch 15 zum Lie-
fern eines richtungseinstellbaren Blndels, dadurch
gekennzeichnet, daB ein Streuelement hinter dem
Ruckkoppelelement angeordnet ist.

Optische Einrichtung nach Anspruch 15 oder 16,
dadurch gekennzeichnet, daB das Rickkoppelele-
ment von einem optischen Wellenleiter mit einem
darin integrierten Gitter gebildet ist, wobei das Git-
ter eine abweichende Periode von der Fortpflan-
zungsrichtung des Strahlungsbiindels hat, und dafi3
das elektronische Steuermittel von einer frequenz-
einstellbaren, periodisch modulierten Stromquelle
far den Diodenlaser gebildet wird.

Optische Einrichtung nach Anspruch 15 oder 16,
dadurch gekennzeichnet, daB eine Austrittsflache
des Diodenlasers einen niedrigen Reflexionskoeffi-
zienten hat, und daB das Riickkoppelelement von
einem teilweise transparenten Reflekior gebildet
wird, der im Abstand d von der Austrittsflache des
Diodenlasers angeordnet ist, und von einem Bau-
teil, der zwischen dem Reflektor und dem Dioden-
laser angeordnet ist und einen einstellbaren Trans-
missionskoeffizienten hat, und daB das elektroni-
sche Steuermittel von Elektroden auf dem Bauteil
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undvon einer einstellbaren Spannungsquelle gebil-
det wird, deren Ausgangsklemmen mit den Elekiro-
den verbunden sind.

Optische Einrichtung nach Anspruch 18, dadurch
gekennzeichnet, dafB3 der Bauteil mit dem einstell-
baren Transmissionskoeffizienten von einem elek-
trooptischen Element mit nachgeschaltetem Pola-
risationsanalysator gebildet wird.

Optische Einrichtung nach Anspruch 19, dadurch
gekennzeichnet, dafB elektrooptische Element ein
flussigkristallines Material ist.

Optische Einrichtung nach Anspruch 18, dadurch
gekennzeichnet, da3 der Bauteil mit dem einstell-
baren Transmissionskoeffizienten ein akustoopti-
sches Element mit nachgeschaltetem Polarisati-
onsanalysator enthalt.

Optische Einrichtung nach Anspruch 18, dadurch
gekennzeichnet, da3 der Bauteil mit dem einstell-
baren Transmissionskoeffizienten von einem pla-
naren Interferometer gebildet wird, von dem wenig-
stens ein Abzweig einen optischen Phasendreher
enthalt.

Optische Einrichtung nach einem der Anspriche 15
bis 22, dadurch gekennzeichnet, daB im Strah-
lungsweg zuséatzlich zum Bauteil mit dem einstell-
baren Transmissionskoeffizienten ein Etalon ange-
ordnet ist.

Optische Einrichtung nach einem oder mehreren
der vorangehenden Anspriliche, dadurch gekenn-
zeichnet, daf3 der Diodenlaser ein selbstpulsieren-
der Diodenlaser ist.

Gerat zum Abtasten einer Informationsebene, das
eine optische Einrichtung nach einem der Ansprii-
che 1 bis 14 zur Bildung eines Abtastflecks in der
Informationsebene enthalt, dadurch gekennzeich-
net, daf3 mit der Ausnahme des Abstands zwischen
dem Ruckkoppelelement und dem Diodenlaser die
Absténde aller optischen Elemente der optischen
Einrichtung ungleich dem Abstand d sind.

Gerat nach Anspruch 25 zum Abtasten eines band-
férmigen optischen Aufzeichnungstragers in Spu-
ren, das Mittel zum Abtasten des Aufzeichnungs-
tragers in einer Richtung quer zur Bandlaufrichtung
enthalt, dadurch gekennzeichnet, daf die Mittel von
einer optischen Einrichtung nach einem der An-
sprlche 16 bis 24 gebildet wird, wobei die Richtung
der Spuren sich unter einem Winkel mit der L&ngs-
richtung des Bandes erstrecki und mit Bandan-
triebsmitteln zum Bewegen des Bandes in der
Langsrichtung beim Abtasten und Biindablenkmit-
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tel zum Bewegen des Abtastflecks in der Spurrich-
tungversehen ist, wobei die Bundelabtastmittel von
Bauteilen gebildet werden, die in den kennzeich-
nenden Teilen der Anspriiche 16 bis 24 spezifiziert
sind.

Revendications

Dispositif optique comprenant une diode laser (8)
pour générer un faisceau de rayonnement, et un
systéme optique (9) pour concentrer et guider le
faisceau de rayonnement, dans lequel la diode la-
ser est un laser pulsé qui fournit des impulsions de
rayonnement avec une durée d'impulsion p et une
période de récurrence des impulsions T et un élé-
ment de retour partiellement réfléchissant (27) est
disposé dans le trajet de rayonnement du faisceau
de rayonnement approximativement a une distance
d de la diode laser, laquelle distance d satisfait & la
condition

d:g . nT-g . e(p+Ap)

ol n est un entier, ¢ est la vitesse de lalumiére dans
le milieu traversé par le faisceau de rayonnement,
Ap est le temps de montée d'une impulsion PL dans
la diode laser et € est un nombre réel qui satisfait a
0 < g < 1 et augmente ou diminue dans ces limites
dans le cas d'une énergie E(P,) d'une impulsion de
rayonnement réfléchie par I'élément de retour, qui
diminue ou augmente, respectivement, de sorte
que la condition donnée par

E(P,)>E(PL)

est satisfaite a l'instant ou l'impulsion de rayonne-
ment entre dans la diode laser, E(PL;) étant I'éner-
gie de rayonnement établie dans la diode laser a
l'instant pertinent.

Dispositif optique suivant la revendication 1, carac-
térisé en ce que I'élément de retour est un élément
du systéme optique.

Dispositif optique suivant la revendication 1 ou 2,
caractérisé en ce que I'élément de retour est un élé-
ment sélecteur de longueur d'onde.

Dispositif optique suivant I'une quelconque des re-
vendications 1, 2 ou 3, caractérisé en ce que des
moyens de pliage, servant a plier le trajet de rayon-
nement, sont interposés entre la diode laser et le
moyen de retour.

Dispositif optique suivant la revendication 4, carac-
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térisé en ce que les moyens de pliage comprennent
un corps de pliage en matiére optiquement trans-
parente, qui présente au moins deux surfaces ré-
fléchissantes et qui comporte une fenétre d'entrée
ainsi qu'une fenétre de sortie, et en ce que l'une des
surfaces réfléchissantes est pourvue d'une troisié-
me fenétre pour transmettre le rayonnement de la
diode laser vers le moyen de retour et recevoir ce
rayonnement du moyen de retour.

Dispositif optique suivant la revendication 4 ou 5,
caractérisé en ce que les moyens de retour sont in-
tégrés dans la troisieme fenétre.

Dispositif optique suivant la revendication 5 ou 6,
caractérisé en ce que chaque surface réfléchissan-
te est pourvue d'une couche ayant un grand coeffi-
cient de réflexion.

Dispositif optique suivant l'une quelconque des re-
vendications 5, 6 ou 7, caractérisé en ce que le
corps de pliage est une plaque a faces planes et
paralléles dans laquelle la premiére surface réflé-
chissante et la deuxiéme surface réfléchissante
sont opposées et paralléles I'une a l'autre.

Dispositif optique suivant la revendication 5 ou 6,
caractérisé en ce que le corps de pliage se trouve
dans un milieu qui a un indice de réfraction inférieur
a celui de la matiére du corps, en ce que le corps
de pliage comporte au moins deux surfaces qui ré-
fléchissent totalement et intérieurement le rayonne-
ment qui les frappe et en ce que le rayonnement est
réfléchi au moins une fois par chacune des deux
surfaces lorsqu'il parcourt un trajet de rayonnement
coplanaire dans le corps de pliage.

Dispositif optique suivant la revendication 5, 6, 7, 8
ou 9, caractérisé en ce qu'un prisme optique est dis-
posé sur la fenétre d'entrée ainsi que sur la fenétre
de sortie, la surface du prisme, par laquelle un fais-
ceau de rayonnement entre dans le prisme et en
sort, étant transversale au rayon principal du fais-
ceau.

Dispositif optique suivant la revendication 5, 6, 7, 8,
9 ou 10, caractérisé en ce qu'une des surfaces ré-
fléchissantes est pourvue d'une quatrieme fenétre
sur laquelle est disposé un élément rétroréflecteur
par lequel le rayonnement, aprés avoir parcouru un
premier trajet de rayonnement s'étendant jusqu'aux
surfaces réfléchissantes via un certain nombre de
réflexions, est capté dans un premier plan a l'inté-
rieur du corps de pliage et est réfléchi parallélement
a lui-méme, et rentre & nouveau dans le corps de
maniére a parcourir au moins un deuxiéme trajet de
rayonnement s'étendant jusqu'aux surfaces réflé-
chissantes, via un certain nombre de réflexions
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dans un plan paralléle au premier plan.

Dispositif optique suivant I'une quelconque des re-
vendications précédentes, caractérisé en ce que
I'élément de retour est un réseau de diffraction.

Dispositif optique suivant la revendication 11, ca-
ractérisé en ce que le réseau de diffraction forme
un petit angle différent de 0° par rapport & la troisié-
me fenétre.

Dispositif optique suivant I'une quelconque des re-
vendications 6 & 13, caractérisé en ce que pour
changer la longueur d'onde du rayonnement réflé-
chivers la diode laser, le corps de pliage est monté
a rotation sous un petit angle par rapport au fais-
ceau de rayonnement fourni par la diode laser.

Dispositif optique suivant la revendication 1, carac-
térisé en ce que des moyens de commande élec-
troniques sont prévus pour régler la longueur d'on-
de du rayonnement fourni par une combinaison de
diode laser et d'élément de retour a différentes va-
leurs discrétes.

Dispositif optique suivant la revendication 15, des-
tiné a fournir un faisceau réglable en direction, ca-
ractérisé en ce qu'un élément dispersif est disposé
derriére I'élément de retour.

Dispositif optique suivant la revendication 15 ou 16,
caractérisé en ce que I'élément de retour est cons-
titué d'un guide d'ondes optique dans lequel est in-
tégré un réseau de diffraction, qui a une période va-
riant dans la direction de propagation du faisceau
de rayonnement, et en ce que les moyens de com-
mande électroniques sont constitués par une sour-
ce de courant réglable en fréquence, modulée pé-
riodiquement pour la diode laser.

Dispositif optique suivant la revendication 15 ou 16,
caractérisé en ce qu'une face de sortie de la diode
laser présente un faible coefficient de réflexion et
en ce que I'élément de retour est constitué d'un ré-
flecteur partiellement transparent, disposé a la dis-
tance d de la face de sortie de la diode laser, etd'un
composant, qui est interposé entre le réflecteur et
la diode laser et a un coefficient de transmission ré-
glable, et en ce que les moyens de commande élec-
troniques sont constitués d'électrodes sur le com-
posant et d'une source de tension réglable dont les
bornes de sortie sont connectées aux électrodes.

Dispositif optique suivant la revendication 18, ca-
ractérisé en ce que le composant ayant le coeffi-
cient de transmission réglable est constitué d'un
élément électro-optique suivi d'un analyseur de po-
larisation.
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Dispositif optique suivant la revendication 19, ca-
ractérisé en ce que I'élément électro-optique est
une matiére cristalline liquide.

Dispositif optique suivant la revendication 18, ca-
ractérisé en ce que le composant ayant le coeffi-
cient de transmission réglable comprend un élé-
ment acousto-optique suivi d'un analyseur de pola-
risation.

Dispositif optique suivant la revendication 18, ca-
ractérisé en ce que le composant ayant le coeffi-
cient de transmission réglable est constitué d'un in-
terférométre plan, dont au moins une branche com-
prend un déphaseur optique.

Dispositif optique suivant l'une quelconque des re-
vendications 15 & 22, caractérisé en ce qu'un étalon
est disposé dans le trajet de rayonnement en plus
du composant ayant le coefficient de transmission
réglable.

Dispositif optique suivant l'une quelconque des re-
vendications précédentes, caractérisé en ce que la
diode laser est une diode laser auto-impulsionnelle.

Appareil destiné a analyser un plan d'information,
qui comprend un dispositif optique suivant l'une
quelconque des revendications 1 a 14, servant a
former un spot d'analyse dans le plan d'information,
caractérisé en ce que, a l'exception de la distance
séparant I'élément de retour et la diode laser, les
distances de tous les éléments optiques du dispo-
sitif optique sont inégales a la distance d.

Appareil suivant la revendication 25, destiné a ana-
lyser par pistes un support d'enregistrement opti-
que en forme de bande, lequel appareil comprend
des moyens pour analyser le support d'enregistre-
ment dans une direction transversale a la direction
de défilement de la bande, caractérisé en ce que
les moyens sont constitués d'un dispositif optique
suivant l'une quelconque des revendications 16 a
24, |la direction des pistes formant un angle avec la
direction longitudinale de la bande, des moyens
d'entrainement de bande étant prévus pour dépla-
cer la bande dans le sens longitudinal pendant
I'analyse et des moyens de déviation du faisceau
servant a déplacer le spot d'analyse dans la direc-
tion des pistes, lesdits moyens de déviation du fais-
ceau étant constitués des composants spécifiés
dans les parties caractérisantes des revendications
16 & 24.
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